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(57) ABSTRACT 

The present invention relates to a method of measuring the 
temperature of the P-N junction within the light-emitting 
region of a quasi-continuous-wave or pulsed semiconductor 
laser diode device. A series of relatively short and low current 
monitor pulses are applied to the laser diode in the period 
between the main drive current pulses necessary to cause the 
semiconductor to lase. At the sufficiently low current level of 
the monitor pulses, the laser diode device does not lase and 
behaves similar to an electronic diode. The voltage across the 
laser diode resulting from each of these low current monitor 
pulses is measured with a high degree of precision. The junc 
tion temperature is then determined from the measured junc 
tion Voltage using their known linear relationship. 
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FORWARD VOLTAGE SHORT-PULSE 
TECHNIQUE FOR MEASURING HIGH 

POWER LASER DODE ARRAY UNCTION 
TEMPERATURE 

ORIGIN OF THE INVENTION 

0001. This invention was made in part by employees of the 
United States Government and may be manufactured and 
used by or for the Government of the United States of 
America for governmental purposes without the payment of 
any royalties thereon ortherefor. Pursuant to 35 U.S.C. S 119, 
the benefit of priority from provisional application 60/945, 
163, with a filing date of Jun. 20, 2007, is claimed for this 
non-provisional application. 

FIELD OF THE INVENTION 

0002 The present invention generally relates to laser 
diodes and, more particularly, relates to systems and methods 
for measuring the junction temperature of quasi-continuous 
wave and pulsed laser diodes. 

BACKGROUND OF THE INVENTION 

0003 Most moderate to high power solid state lasers, such 
as those used for space-borne laser remote sensing systems, 
require high-power pulsed or quasi-continuous-wave 
(“Ouasi-CW or “QCW) laser diodes as their optical pump 
source. One or more laser diodes may be used. If more than 
one laser diode is used, the laser diodes may be structured in 
a laser diode bar and laser diode bars can be stacked to form 
a two dimensional array, referred to as Laser Diode Array 
(LDA). For purposes of this application, the terms laser diode 
and laser diode array will be used interchangeably. LDA 
performance and reliability directly determine the effective 
system operational lifetime, as the laser transmitter opera 
tional lifetime is the instrument's lifetime, for without the 
transmitted beam, there is no reflected signal to record or 
analyze. For example, statistical analysis of lifecycle testing 
of an LDA used for an Earth-orbiting two-micron LIDAR 
(light detection and ranging) instrument indicates that there is 
a 1% probability that such an LDA will fail before it accu 
mulates 30 million shots, a 50% probability of failing before 
reaching 120 million shots, and a 99.9% probability of failing 
before reaching 220 million shots. This lifetime is inadequate 
for such an Earth-orbiting LIDAR instrument which will 
require a lifetime of at least one billion shots. As for nearly all 
electronic devices, the higher the device's temperature, the 
shorter the lifetime. 
0004. In order to minimize the risk to such missions and 
other semiconductor laser based instruments, there is a need 
to better understand and design a means to reduce the prob 
ability of failure of the LDAs. The production of the useful 
radiation is not 100% efficient (typically 50%) and the laser 
diodes produce heat, which causes an overall rise in their 
temperature and requires some means to keep the diodes from 
overheating which could result in catastrophic failure. Com 
pared with their low-power CW counterparts, these LDAs 
suffer from shorter lifetimes and are more susceptible to 
degradation and premature failure. The primary factor in their 
rapid degradation and failure is the excessive localized heat 
ing and Substantial pulse-to-pulse thermal cycling of the laser 
active regions when Such devices are operated at high currents 
over a relatively long pulse duration (beyond 0.2 millisec 
onds), even at relatively low pulse repetition frequencies. For 
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example, the thermally-induced stresses are particularly sig 
nificant when the required pump pulsewidthis increased from 
200 microseconds (required for neodymium-based lasers) to 
at least one millisecond (required for thulium and holmium 
lasers). If the laser diode's junction temperature can be moni 
tored during operation (i.e., while the laser is being operated, 
but during the intervals between drive pulses and not while 
the drive pulses are occurring), this information would be 
useful in determining overall laser diode health, expected 
lifetime, and problems with the instrument's cooling system. 
Detection of excessive temperature rise during the instrument 
operation can also allow for preventive measures to prolong 
the LDA lifetime, such as reducing drive current or pulse 
duration and bypassing defective laser diode bars or arrays. 
Additionally, this invention provides a reliable and accurate 
means for screening and evaluating LDAS prior to utilization 
in an instrument. 
0005. Until now there have been only indirect or relative 
means of measuring the junction temperature during a pulse, 
Such as measuring the change in the optical power, peak 
wavelength or a shift in the threshold current necessary to 
cause the medium to lase. Other means are either too slow 
(such as infrared photography) or too large (such as thermo 
couples or thermistors) to accurately and effectively measure 
the temperature of a junction (which is only several microns 
thick). None of these techniques are practical for real time 
monitoring of the LDA junction temperature during the 
instrument operation as they either intrude into the optical 
path or require extensive data processing. 
0006. The ability to measure the junction temperature of 
high power LDAs is crucial to determining the reliability and 
lifetime of these devices and monitoring their operation. 
Junction temperature measurement is also vital to being able 
to quantify any improvements that are made in manufacturing 
processes, device materials, and laserarchitecture (especially 
that of the laser cooling systems). 

SUMMARY OF THE INVENTION 

0007. The object of the present invention is to overcome 
the aforementioned drawbacks of current junction tempera 
ture measurement techniques and to provide an accurate, 
reliable, and direct system and method of measuring the 
junction temperature of a laser diode. The present invention 
relates to a system and method of measuring the temperature 
of the P-N junction within the light-emitting region of a 
quasi-continuous-wave or pulsed laser diode device. A series 
of relatively short and low current monitor pulses are applied 
to the laser diode in the period between the main drive current 
pulses necessary to cause the semiconductor to lase. At the 
sufficiently low current level of the monitor pulses, the laser 
diode device does not lase and behaves similar to an elec 
tronic diode. The Voltage across the laser diode resulting from 
each of these low current monitor pulses is measured with a 
high degree of precision. The junction temperature is then 
determined from the measured junction Voltage using their 
known linear relationship. 
0008. In one embodiment of the invention, a system for 
determining a junction temperature of a quasi-continuous 
wave or pulsed laser diode comprises a high current driver, a 
low current driver, a Voltage measuring device, and a process 
ing element. The high current driver is configured to provide 
high current drive pulses having an amperage selected to 
cause the laser diode to lase. The low current driver is con 
nected in parallel with the high current driver and configured 
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to provide low current monitor pulses between the pulses of 
the high current drive pulses. The low current monitor pulses 
have an amperage selected to not cause the laser diode to lase, 
further selected to cause the laser diode to behave like an 
electronic diode, and further selected to cause negligible self 
heating of the laser diode. The Voltage measuring device is 
configured to measure the Voltage across the laser diode dur 
ing provision of the low current monitor pulses. The process 
ing element is configured to calculate the junction tempera 
ture of the laser diode based on the measured voltage. 
0009. The system may farther comprise a delay generator 
configured to delay a start of the low current monitor pulses 
for a predetermined time after each pulse of the high current 
drive pulses. The processing element may be further config 
ured to adjust a laser diode thermal management system 
based on the calculated junction temperature. The processing 
element may also be configured to determine if the junction 
temperature exceeds a predetermined maximum temperature 
and to cause the high current driver to decrease power, pulse 
width, or frequency of the high current drive pulses in order to 
achieve a desired decrease in the junction temperature. 
0010. The processing element may calculate the junction 
temperature of the laser diode using equation II (exp(qV/ 
nkT)-1) in which I is the pulsed low current, Io is a Saturation 
current of the laser diode, q is an electrical charge of an 
electron, V is the measured Voltage, n is an emission coeffi 
cient, k is Boltzmann's constant, and T is the junction tem 
perature of the laser diode. Alternatively, the processing ele 
ment may calculate the junction temperature of the laser 
diode using a predetermined linear equation which has been 
determined by measuring the Voltage across the laser diode 
over a range of low current monitor pulses having different 
amperages and pulsewidths and over a range of different laser 
diode temperatures. 
0011. In addition to the system for determining a junction 
temperature of a quasi-continuous-wave or pulsed laser diode 
as described above, other aspects of the present invention are 
directed to corresponding methods for determining a junction 
temperature of a quasi-continuous-wave or pulsed laser 
diode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 Having thus described the invention in general 
terms, reference will now be made to the accompanying 
drawings, which are not necessarily drawn to scale, and 
wherein: 
0013 FIG. 1 is a schematic block diagram of a system for 
determining a junction temperature of a quasi-continuous 
wave or pulsed laser diode, in accordance with one embodi 
ment of the invention; 
0014 FIG. 2 illustrates the duration and amperage of the 
pulsed high and low currents, in accordance with one specific 
embodiment of the invention used in conjunction with a high 
power laser; and 
0015 FIG. 3 is a schematic block diagram of a system for 
determining a junction temperature of a quasi-continuous 
wave or pulsed laser diode, in accordance with an alternative 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0016. The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
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provided so that this disclosure will be thorough and com 
plete, and willfully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements through 
Out 

0017 Embodiments of the invention comprise a forward 
Voltage measurement technique that may be termed a "For 
ward Voltage-Short Pulse' (FV-SP) technique. The FV-SP 
technique is particularly useful in providing the necessary 
data for a meaningful trade analysis leading to maximum 
attainable lifetime and reliability of LDAs. Such a trade 
analysis can encompass the LDA design and operational 
parameters described below, which facilitates quantitative 
comparison between vendors and packages as well as screen 
ing of devices within a given fabrication run. 
0018. It is well known that a laser diode can operate in one 
of three regimes. At low current, the laser diode produces no 
light but has the electrical characteristics of a classic elec 
tronic diode. At slightly higher applied currents, the laser 
diode produces light, which is not coherent and resembles 
light from a light emitting diode (LED). At high current, the 
laser diode produces large amounts of coherent or partially 
coherent light (i.e., the laser diode lases), which is its intended 
purpose. The FV-SP measurement utilizes the diode charac 
teristics of the LDA at low current to measure its junction 
temperature. In this technique, a series of relatively short and 
low current pulses (relative to the LDA drive current) are 
applied to a laser diode between pulses of the drive current 
and the resultant Voltage across the LDA is measured with a 
high degree of precision. These low current pulses may be 
termed “monitor currents’ or “monitor pulses.” The mea 
Sured Voltage across the array is used to determine the junc 
tion temperature by the use of a linear equation. The linear 
equation is determined by, using experience and familiarity 
with laser diode arrays, selecting several different test cur 
rents (differing in amperage and/or pulsewidth) and measur 
ing the Voltage across the laser diode that is being maintained 
at one temperature. The test is repeated at several different 
laser diode temperatures over a broad temperature range. The 
laser diode temperatures can be varied by changing the tem 
perature of the heat sink attached to the laser diode, amongst 
other means. The test current that produces the most linear 
and repeatable data during testing is used as the monitor 
current during actual operation of the laser diode (as dis 
cussed above, “during actual operation” means while the 
laser is being operated, but during the intervals between drive 
pulses and not while the drive pulses are occurring), and the 
linear equation that describes the Voltage/temperature rela 
tionship for that test current is used to determine the junction 
temperature during actual operation. As long as the same 
monitor current is used (i.e., the same as the test current), this 
linear equation can be used to determine the junction tem 
perature of the laser diode under any conditions of drive 
current-regardless of amperage, pulse repetition rate, or 
pulsewidth. Alternatively, the measured Voltage drop across 
the array is related to the junction temperature through the 
diode I-V equation (described in more detail below), although 
this method is more time-consuming and resource-intensive. 
0019. This technique utilizes the fact that all diodes have a 
very linear relationship between Voltage and temperature in 
the low Voltage/current region. This technique allows opera 
tion of the laser and probing of the LDA during operation to 
determine the junction temperature directly. This technique 
fills the need for an accurate, reliable, and direct method for 
the measurement of junction temperatures and thermal 
impedance on high power, laser diode arrays. Advancements 
in laser diode array packaging technology benefit greatly 
from thermal impedance measurements. In other words, this 
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novel measurement technique enables: (1) accurate evalua 
tion of different LDAs and identification of the devices with 
the longest expected lifetimes; (2) pre-screening of the 
selected LDAS prior to integration into a laser system; (3) 
definition of the optimal operating parameters (drive current, 
pulse duration, pulse repetition rate, and operating sink tem 
perature) which yield the maximum lifetime; and (4) moni 
toring of the operation of the LDAS as an integrated compo 
nent of the laser system allowing for precautionary actions 
(i.e., to avoid potential failure) in an automated fashion. 
0020. The FV-SP system and method for determining the 
laser diode's junction temperature is applicable to all quasi 
continuous-wave (QCW) or pulsed laser diodes, regardless of 
pulse width or application. While the systems and method of 
the present invention are applicable to both QCW and pulsed 
laser diodes, embodiments of the invention are described 
herein in conjunction with QCW laser diodes only for sim 
plicity. The QCW laser diodes could be in the form of a single 
element discrete device, a laser bar comprising many lasing 
elements, or a stacked array of bars. 
0021 Embodiments of the invention provide a system and 
method that allows the laser diode to continue normal opera 
tion without any interference. No sensors or detectors are put 
in the laser's beam path to measure wavelength or power. No 
detectors or sensors are attached to the laser diode. All mea 
surements with the FV-SP technique are made when the laser 
diode is off, that is, during the period between the laser 
diode's drive pulses. 
0022. There are many advantages to knowing the laser 
diode's junction temperature using embodiments of the 
invention: 
0023 1. High junction temperatures are indicative of a 
diode that will rapidly age, as is true of all electronic devices 
running at high temperatures (due to the Arrhenius relation). 
Furthermore, due to the differences in the coefficients of 
thermal expansion of the various materials used to construct 
a laser diode, high temperatures can cause higher stresses in 
the materials, which could lead to cracking or debonding of 
its parts. 
0024 2. Rising temperatures over time indicates a prob 
lem within the diode itself, or in the heat removal system (also 
referred to as the thermal management system) for the diode's 
waste heat. 
0025 3. Knowing the junction temperature allows for the 
application of an automated power Supply control system, 
which monitors the diode laser operation and detects anoma 
lies within the laser diode assembly or any irregularities or 
failure of the heat management system used with the laser 
diode. Once the anomalies are detected through the imple 
mentation of the FV-SP system and method, a number of 
actions can be taken to either prevent catastrophic failure of 
the laser diode, isolate the failure, or at the minimum inform 
the operator about the occurrence of the failure. Preventive 
measures for lowering the junction temperature upon the 
detection of anomalies could include reducing the applied 
drive current, the pulse duration, or pulse repetition rate. This 
is particularly important in remote applications where 
replacement of the laser diodes is cost-prohibitive or impos 
sible (e.g., space satellites). 
0026 4. Laser diodes may be characterized or evaluated 
under the intended operational conditions or as an integrated 
component of a system since the junction temperature mea 
Surement does not intervene in the normal operation of the 
laser diode. 

0027 5. Embodiments of the invention provide a means 
for controlling and/or stabilizing the emitted wavelength of 
laser diodes. The wavelength and junction temperature rela 
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tionship of laser diodes is well understood, and various meth 
ods for wavelength stabilization are available, although more 
complex than the present invention. 
0028 Referring now to FIG. 1, a schematic block diagram 
of a system 10 for determining a junction temperature of a 
laser diode 20 is illustrated, in accordance with one embodi 
ment of the invention. As illustrated in FIG. 1, embodiments 
of the invention utilize two pulsed current drivers connected 
in parallel across the LDA 20, but isolated from each other by 
blocking diodes 17, to electrically pump and probe the LDA 
20. The blocking diodes 17 prevent current flowing back into 
one of the current sources when the other source is operated. 
The first driver, a precision high current source 12, is used to 
pump the LDA 20 at Some nominal current, pulse duration 
and repetition frequency which yields the laser output. This 
laser output from the LDA20 may be used by itself or may be 
used to stimulate, or energize, Solid state laser gain materials. 
The output from the high current source 12 may be termed a 
“high pulsed current,” “high current drive pulses,” or a “pump 
pulse.” 
0029. The second driver, a precision low current source 
14, is triggered by a timing circuit 16 within a predefined time 
from the end of the pump pulse. The output from the low 
current source 14 may be termed a “low pulsed current’ or 
“low current monitor pulses.” The high current source 12 
operates as in a typical laser diode, but the timing circuit 16 
directs the low current source 14 to produce a series of low 
current monitor pulses in the gap between the main drive 
current pulses. In essence, the timing circuit introduces a 
delay between each high current pulse and the first in each 
series of low current pulses. The amount of the initial delay 
depends on the pulsewidth and repetition rate of the drive 
current and will typically range from about 30 to about 70 
microseconds. The delay allows for the dissipation of any 
transients which might interfere with the measurement. The 
amperage of the low current monitor pulses is selected to not 
cause the LDA 20 to lase or to cause significant self-heating 
of the LDA 20, and is also selected to cause the LDA 20 to 
behave like a classic electronic diode. 
0030 The timing circuit 16 may simply be a delay gen 
erator, which is commercially available from several Sources. 
The low current source 14 is also commercially available. 
Both the low current source 14 and the delay generator may 
be stand-alone devices as shown in FIG. 1, or may be incor 
porated into the high current source 12. 
0031. Such low current pulses, due to their extremely low 
intensity, cause negligible heating of the LDA while still 
producing a Voltage response from the device. The Voltage 
across the LDA can be precisely measured, such as by Voltage 
measurement device 22. Then, using the previously deter 
mined linear equation (described above) or the standard diode 
equation (described below), the LDA junction temperature 
can be calculated (Such as by processing element 18). This is 
possible due to the very linear relationship between tempera 
ture and Voltage of all diodes in the low current regime. 
0032. The processing element may calculate the junction 
temperature of the laser diode array using equation I-Io(exp 
(qV/nkT)-1), in which I is the pulsed low current, Io is a 
saturation current of the LDA, q is an electrical charge of an 
electron, V is the measured Voltage, n is an emission coeffi 
cient, k is Boltzmann's constant, and T is the junction tem 
perature of the LDA. 
0033. The system and method of determining the laser 
diode junction temperature described above is applicable to 
all quasi-continuous-wave (QCW) and pulsed laser diodes. 
For example, the system and method may be used to deter 
mine the laser diode junction temperature of a high power 
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semiconductor laser using an array of six 100 Watt diode bars. 
In Such an application, the magnitude of the output from the 
high current driver will typically range from 30 to 120 amps, 
and will often be about 100 amps. The pulse duration of the 
pump pulse will typically be greater than about 0.2 millisec 
onds, and often be about one millisecond for two-micron 
Lidar instruments. The repetition frequency will typically be 
about 10-20 Hertz (Hz). In one specific embodiment of the 
invention for use with Such a high power laser, the delay 
provided by the delay generator is initially about 50 micro 
seconds, the magnitude of the output from the low current 
driver is about 300 milliamps, and the pulse duration of the 
low pulsed current is about 35 microseconds. FIG. 2 illus 
trates the magnitude and duration of the high current pulses 
30 and the low current pulses 32, in accordance with embodi 
ments of the invention. 
0034. By determining the laser diode junction tempera 

ture, over-temperature conditions can be detected and steps 
can be taken to reduce the junction temperature and thereby 
prevent damage to the LDA. For example, if processing ele 
ment 18 determines that the junction temperatures are beyond 
a predefined normal range, the processing element may direct 
the high current source 12 to decrease the power, pulsewidth, 
or frequency of the drive current pulses. 
0035 Laser diodes are often mounted on a heatsink (ele 
ment 24 of FIG. 1). In some eases, the heat from the heatsink 
is dissipated through convection into the ambient atmo 
sphere. However, in many cases, the laser diode temperature 
is controlled and its generated heat is transported and dissi 
pated through a “thermal management system' (often simply 
termed a “cooling system’. Examples of a thermal manage 
ment system include thermal electric coolers, refrigerated 
circulating liquid, or a closed loop of phase change materials 
flowing through the laser diode mount. Referring now to FIG. 
3, a schematic block diagram of a system 40 for determining 
a junction temperature of a quasi-continuous-wave (QCW) 
laser diode is illustrated, in accordance with an alternative 
embodiment of the invention. In contrast to the system 10 of 
FIG. 1, the system 40 of FIG. 3 does not use a heatsink but 
rather uses a mounting plate 26 and a thermal management 
system 28. As illustrated in FIG. 3, the thermal management 
system may be controlled by the processing element 18. The 
processing unit may be able to adjust the thermal manage 
ment system based on the calculated junction temperature. 
0036 Embodiments of the invention produce a tempera 
ture profile of the laser diode junction between pulses, which 
in turn indicates the amount of thermal cycling. This infor 
mation allows for not only a direct comparison of different 
LDAs (from different vendors and within a lot from the same 
Vendor) for pre-screening purposes. This information also 
yields the health and status of the device and allows for 
estimations of relative lifetime of a device using the Arrhenius 
relationship (described below). This technique may be used 
to provide an early detection of possible failure of an LDA to 
allow preventive measures to avoid laser failure. Extensions 
of this technique would allow for remote real-time monitor 
ing of LDAS while in operation, thus providing helpful data 
during on-orbit operation of laser remote sensing systems. 
Having the ability to accurately measure the junction tem 
perature further enables Verification of laser package design 
features focused on removing heat from the LDA junction. 
This information may also be used to make trade-off deci 
sions for maximum diode lifetime. These trade-offs may 
include peak power, pulse width, and pulse repetition rate. 
0037 Current LDAs have an electrical to optical effi 
ciency of about 50%. Therefore, when running a typical 6-bar 
LDA close to full rating, about 600 watts (W) of peak optical 
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power is generated, and an equivalent amount is released in 
the form of heat. This excess energy, primarily generated in 
the active area of the bars (light emitting region), is quite 
substantial. Given that each active area within each bar is 
typically about 100 microns wide by one millimeter long (a 
surface area of 10 square centimeters (cm)), this yields a 
peak power density of about 1.4 KW/cm for a bar with 70% 
fill factor, which must flow into the heat sink. It is this extreme 
excess heat, and the rate and efficiency with which it is 
removed, that drastically affect the laser diode performance, 
reliability, and lifetime. The level of impact of the long pulse 
operation may be roughly estimated by an Arrhenius relation 
ship written as: lifetime (t) O-(T-T)\exp(E/kT), where 
lifetime (t) is expressed as a function of junction tempera 
tures T, and T., (measured immediately after and before the 
generated pulse, respectively), the activation energy (E), and 
Boltzmann's constant (k). The leading term accounts for the 
thermal cycling fatigue due to mismatch of thermal expansion 
coefficients of different package materials and various layers 
of the laser bar. The power N in the expression can have a 
value between 2 and 5, depending on the materials properties 
based on the Manson-Coffin law for thermal fatigue. It is 
obvious from this Arrhenius equation that reducing the tem 
peratures before and after the pulse is the key for increasing 
the lifetime to an acceptable level. This may be achieved 
through careful selection of the LDA package type, specifi 
cations of the array considering the pumping requirements, 
and defining its operational parameters. 
0038. By using the temperature information provided by 
systems and methods of the present invention, a number of 
steps can be taken to improve the lifetime of LDAs. Although 
these considerations will increase the lifetime and reliability 
of LDAs, an accurate trade analysis between LDA opera 
tional and design parameters is required in order to improve 
lifetime to an acceptably quantifiable level for LDA applica 
tions in which LDA lifetime is critical. Such a trade analysis 
can, with careful consideration of the Solid state laser pump 
requirements and the LDA lifetime objectives, enable opti 
mization of LDA specifications. These specifications include 
package design (e.g., geometry, architecture, and heatsink 
materials), bar efficiency and fill factor, number of bars per 
package and their pitch, operational temperature, and operat 
ing parameters such as repetition rate, pulsewidth, and 
applied current. 
0039. One of the main advantages of this technique is its 
ability to obtain the junction temperature before and after 
each LDA pump pulse (i.e., high current pulse). Another 
benefit of this measurement technique is its ability to deter 
mine the junction temperature while running the LDA at any 
operational parameters without tedious post processing 
required by other techniques, such as time-resolved spectral 
measurements. LDA temperature measurements made using 
this technique show that the temperature rise during the pump 
pulse is almost a linear function of applied current. Using the 
measured junction temperatures in the Arrhenius expression 
discussed above, the relative impact of current de-rating can 
be estimated. It is worth noting that high power quasi-CW or 
pulsed laser diodes arrays are complex electro-optical com 
ponents and thus their lifetimes do not follow well defined or 
known predictable models such as Arrhenius relationships 
unless considerable statistical data is available for accurately 
specifying the activation energy (Ea) and thermal fatigue 
constant (N). However, using the thermal data obtained from 
FV-SP measurements in an Arrhenius model allows for a 
reasonable analysis of the LDA performance and determining 
the optimum operational parameters for achieving the maxi 
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mum possible LDA lifetime while meeting the solid state 
laser pump requirements and the mission objectives. 
0040. Many modifications and other embodiments of the 
invention will come to mind to one skilled in the art to which 
this invention pertains having the benefit of the teachings 
presented in the foregoing descriptions and the associated 
drawings. Therefore, it is to be understood that the invention 
is not to be limited to the specific embodiments disclosed and 
that modifications and other embodiments are intended to be 
included within the scope of the appended claims. Although 
specific terms are employed herein, they are used in a generic 
and descriptive sense only and not for purposes of limitation. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A system for determining a junction temperature of a 

quasi-continuous-wave or pulsed semiconductor laser diode, 
the system comprising: 

a high current Source configured to provide high current 
drive pulses having an amperage selected to cause the 
laser diode to lase; 

a low current source connected in parallel with the high 
current source and configured to provide low current 
monitor pulses between the pulses of the high current 
drive pulses, the low current monitor pulses having an 
amperage selected to not cause the laser diode to lase, 
further selected to cause the laser diode to behave like an 
electronic diode, and further selected to not cause sig 
nificant self-heating of the laser diode; 

a Voltage measuring device configured to measure the Volt 
age across the laser diode during provision of the low 
current monitor pulses; and 

a processing element configured to calculate the junction 
temperature of the laser diode based on the measured 
Voltage. 

2. The system of claim 1, further comprising: 
a delay generator configured to delay a start of the low 

current monitor pulses for a predetermined time after 
each pulse of the high current drive pulses. 

3. The system of claim 1, wherein the processing elementis 
further configured to adjust a laser diode thermal manage 
ment system based on the calculated junction temperature. 

4. The system of claim 1, wherein the processing elementis 
further configured to determine if the junction temperature 
exceeds a predetermined maximum temperature and to cause 
the high current driver to decrease power, pulsewidth, or 
frequency of the high current drive pulses in order to achieve 
a desired decrease in the junction temperature. 

5. The system of claim 1, wherein the processing element 
calculates the junction temperature of the laser diode using 
equation I-I(exp(qV/nkT)-1) in which I is the pulsed low 
current, Io is a saturation current of the laser diode, q is an 
electrical charge of an electron, V is the measured Voltage, in 
is an emission coefficient, k is Boltzmann's constant, and T is 
the junction temperature of the laser diode. 

6. The system of claim 1, wherein the processing element 
calculates the junction temperature of the laser diode using a 
predetermined linear equation, and wherein the predeter 
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mined linear equation has been determined by measuring the 
Voltage across the laser diode over a range of low current 
monitor pulses having different amperages and pulsewidths 
and over a range of different laser diode temperatures. 

7. A method for determining a junction temperature of a 
quasi-continuous-wave or pulsed semiconductor laser diode, 
the method comprising: 

providing, by a high current source, high current drive 
pulses to the laser diode, the high current drive pulses 
having an amperage selected to cause the laser diode to 
lase; 

providing, by a low current Source connected in parallel 
with the high current Source, low current monitor pulses 
to the laser diode between the pulses of the pulsed high 
current, the low current monitor pulses having an amper 
age selected to not cause the laser diode to lase, further 
selected to cause the laser diode to behave like an elec 
tronic diode, and further selected to produce negligible 
self-heating of the laser diode: 

measuring, by a Voltage measuring device, the Voltage 
across the laser diode during provision of the low current 
monitor pulses; and 

calculating, by a processing element, the junction tempera 
ture of the laser diode based on the measured voltage. 

8. The method of claim 7, further comprising: 
delaying, by a delay generator, a start of the low current 

monitor pulses for a predetermined time after each pulse 
of the high current drive pulses. 

9. The method of claim 7, further comprising: 
adjusting, by the processing element, a laser diode thermal 
management system based on the calculated junction 
temperature. 

10. The method of claim 7, further comprising: 
determining, by the processing element, if the junction 

temperature exceeds a predetermined maximum tem 
perature; and 

causing, by the processing element, the high current source 
to decrease power, pulsewidth, or frequency of the high 
current drive pulses in order to achieve a desired 
decrease in the junction temperature. 

11. The method of claim 7, wherein calculating the junc 
tion temperature comprises calculating the junction tempera 
ture using equation II (exp(qV/nkT)-1) in which I is the 
pulsed low current, Io is a Saturation current of the laser diode, 
q is an electrical charge of an electron, V is the measured 
Voltage, n is an emission coefficient, k is Boltzmann's con 
stant, and T is the junction temperature of the laser diode. 

12. The method of claim 7, wherein calculating the junc 
tion temperature comprises calculating the junction tempera 
ture using a predetermined linear equation, and wherein the 
predetermined linear equation has been determined by mea 
Suring the Voltage across the laser diode over a range of low 
current monitor pulses having differentamperages and pulse 
widths and over a range of different laser diode temperatures. 
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